Orbital varices represent a rare type of venous malformation composed of a single or multiple abnormally enlarged veins communicating to the systemic venous system. Clinical presentation is often nonspecific. Potential complications including intraorbital bleed and venous thrombosis may lead to a permanent visual loss. Multimodality imaging is important for proper interpretation and accurate diagnosis as well as timely management of the lesion. We report two acute cases of bilateral and unilateral partially thrombosed orbital varices in which the correct diagnosis was made based on an integrated imaging approach.
Introduction
An orbital venous varix is an uncommon condition that can occur both congenitally and due to an underlying pathology causing increased venous pressure within the orbit [1] . In typical cases, patients with an orbital varix present with proptosis and intermittent diplopia [2] . Complications include intraorbital hemorrhage and thrombosis, which can be associated with acute onset of retro-orbital pain, progressive proptosis, and decreased visual acuity [3, 4] . Imaging plays a vital role in the diagnosis and differentiation of an orbital varix from other retroocular lesions [5, 6] . A multimodality imaging approach may be necessary to outline features of the lesion and reveal complicated cases, in order to provide appropriate and timely treatment. We report two cases of bilateral and unilateral partially thrombosed orbital varices in which ultrasound (US), computed tomography (CT), and magnetic resonance imaging (MRI) were used to reach the final diagnosis. The different modalities of imaging examinations are described in the order these were performed.
The Siemens Somatom Definition Edge 128 multislice CT scanner was used in our cases. In the studies with contrast, 50 mL Isovue-370 was injected. Slice thickness of 2 mm through the orbits and 3 mm through the head were obtained, 120 kV, 325 mAs. The Siemens MAGNETOM Avanto 1.5T MRI machine was used in our cases. Multiplanar exams dedicated to orbits were obtained without and with gadolinium-based contrast agent (GBCA), Omniscan (0.2 ml/kg body weight). Sequences obtained included T1W (T1-weighted spin echo sequence, TR = 2000 ms, TE = 58 ms) and T2W (T2-weighted spin echo sequence, TR = 3440 ms, TE = 84 ms). Through this approach, we diagnosed a 76-year-old male with bilateral orbital varices with a left-sided thrombosis and a 54-year-old female with a right-sided thrombosed orbital varix. This case report also includes a review of the evidence from published literature on this topic.
Case Presentations

Patient 1
A 76-year-old male presented to the emergency department with worsening bilateral eye pain for 2 days, with no history of eye or head trauma. On examination, the patient's eyes were red and protruded, increasing the possibility of orbital bleeding. This patient's past medical history included chronic obstructive pulmonary disease (COPD). Laboratory tests showed high-activated partial thromboplastin time (APTT) (49 s), high blood urea nitrogen (BUN) (12.1 mmol/L), and low-estimated creatinine clearance (56.0 mL/min/1.73 m 2 ). CT examination revealed tubular fusiform lesions in the superior aspect of the bilateral orbits, measuring 27 × 13 mm and 39 × 20 mm on the right and left, respectively ( Fig. 1 ). On a non-contrast scan, the left orbital lesion showed increased density, concerning for blood clot. A few additional smaller lesions were also seen. Corresponding GBCA-enhanced MRI examination demonstrated homogeneous enhancement of the right orbital lesion whereas the left orbital structure showed low signal intensity with only peripheral enhancement with GBCA, again suggestive of a thrombosed vascular lesion ( Fig. 1 ). US examination of the left orbital lesion was performed with and without Valsalva maneuver to confirm the diagnosis. This illustrated increased venous flow with reflux at the proximal portion of the lesion, with the remaining distal portion showing no blood flow (Fig. 1 ). The overall appearance favored bilateral orbital varices with a thrombosed leftsided varix. This patient was followed by an ophthalmologist as an outpatient, and his symptoms resolved with medical management.
Patient 2
A 54-year-old female presented to the emergency department with sudden onset of bilateral horizontal diplopia, lasted for about 3 h, followed by left-sided headache radiating to the neck. The symptoms were associated with nausea but negative for photophobia. Physical examination was negative for speech changes, facial asymmetry, tongue deviation, Fig. 1 a Ultrasound (US) examination of the orbits demonstrates moderately dilated right superior orbital vein and markedly dilated left superior orbital vein. b Color Doppler Ultrasound (US) examination of the left orbit shows lack of flow within the dilated superior orbital vein with and without Valsalva maneuver. c Axial and coronal computed tomography (CT) images of the bilateral orbits confirm moderate dilatation of the right superior orbital vein and marked dilatation of the left superior orbital vein. The left superior orbital vein is hyperdense on non-enhanced images, concerning for thrombosis. d Axial T2-and T1-weighted magnetic resonance images of the orbits demonstrate left-sided exophthalmos and dilated bilateral superior orbital veins, more prominent on the left. The left superior orbital vein exhibits increase signal, suggestive of thrombosis. e Axial and coronal T1-weighted magnetic resonance GBCA-enhanced images of the orbits show enhancing moderately dilated right superior orbital vein and non-enhancing markedly dilated left superior orbital vein, confirming complete thrombosis weakness, coordination deficit, and visual or sensory impairment. Her past medical history was unremarkable. Nonenhanced MRI of the head exhibited no evidence of intracranial bleed, ischemic infarction, or intracranial mass. Laboratory tests were normal with the exception of high Creactive protein level (13.2 mg/L) and low-estimated creatinine clearance (78.2 mL/min/1.73 m 2 ).
A year later, the patient returned to the emergency department, but this time with vertical diplopia. Over the 1-year period, the patient precipitously lost approximately 75% of vision in her right eye. MRI examination of the orbits revealed a 26 × 9 mm tubular structure in the right lateral intraconal compartment, intimately related to the lateral orbital muscle, causing mass effect on the optic nerve (Fig. 2) . The lesion demonstrated enhancement following GBCA administration, with a small non-enhancing filling defect in its distal anterior portion (Fig. 2) . The left orbit was normal. The imaging features favored a partially thrombosed right orbital venous varix. Contrast-enhanced CT examination confirmed the diagnosis. On subsequent diagnostic imaging at a more specialized facility, an underlying right-sided orbital tumor was suspected.
Due to the risk of surgical biopsy and debulking given the location of the tumor, the patient initially received radiotherapy at 5400 cGy in 30 fractions. Since a biopsy was not performed at this time, the mass was suspected to most likely be orbital schwannoma; however, meningioma and low-grade glioma were also considered on the differential. Due to failed radiotherapy and interval growth of the orbital tumor, the patient underwent enucleation of the right eye and removal of tumor. The pathological examination confirmed the diagnosis of orbital schwannoma.
Conclusions
Orbital varices are a rare occurrence accounting for less than 1.3% of all orbital masses [1] . They represent a vascular malformation composed of a single or multiple abnormally enlarged veins with direct communication to the systemic venous system [2] . Orbital varix is the most common cause of spontaneous intraorbital hemorrhage [1] . The likelihood of occurrence is equal in males and females [2] . An orbital venous varix can be primary or secondary, with the former being idiopathic and most likely congenital, and the latter occurring due to increased blood flow due to an underlying cause [1] . A congenital orbital varix is a result of inherited weakness in the postcapillary venous wall [7] . Secondary orbital varices may occur in conjunction with intracranial arteriovenous malformations, including carotidcavernous fistula, dural arteriovenous fistula, and occasionally venous angiomas, or rarely tumors [1] . There has been also described an association between secondary orbital varices and Vein of Galen aneurysmal malformation, which is an uncommon intracranial anomaly that tends to present in early childhood with features of left-to-right shunt [8] . Patients with an orbital varix typically present with intermittent diplopia or proptosis, especially with excessive straining or in prone position, and can demonstrate decreased visual acuity in severe cases [2] . Albeit uncommon, occasionally an orbital varix can lead to sudden venous thrombosis which may require immediate medical attention if accompanied by progressive disfiguring proptosis, hemorrhage, or acute visual loss [3, 4] .
Although some retroocular lesions can be diagnosed with physical examination and fundoscopy, imaging plays a vital role in confirming the diagnosis of orbital varices [6] . Ultrasound, CT, and MRI are all considered primary imaging modalities for the evaluation of a diseased orbit. However, in some cases, various orbital lesions exhibit similar imaging characteristics and can be difficult to differentiate from each other [6] . Since the clinical presentation of orbital varices can be unusual and nonspecific, different radiological modalities may be necessary to confirm the diagnosis and outline anatomical and dynamic features of the lesion.
As the differential diagnosis of orbital masses is broad and includes vascular lesions, inflammatory processes, primary neoplastic lesions, lymphoma, and metastasis, a multimodality imaging approach would facilitate to diagnose complicated conditions and rare abnormalities [7] . Plain films play less of a role as compared to other imaging modalities when it comes to imaging of the head and neck. Nonetheless, calcified phleboliths may be seen on a radiograph of a patient presenting with an orbital varix [5] . US, on the other hand, is a very useful noninvasive and Fig. 2 a Axial T2-and T1-weighted magnetic resonance images of the orbits demonstrate a dilated venous varix in the posterolateral aspect of the right orbit with mixed signal intensity but predominantly hyperintense on T2 and hypointense on T1-weighted images. b Axial and coronal T1weighted magnetic resonance GBCA-enhanced images of the orbits depict a dilated venous varix in the posterolateral aspect of the right orbit with a central filling defect and linear peripheral enhancement, in keeping with intraluminal clot easily accessible non-ionizing radiation imaging tool for assessing the orbit. Doppler US examination performed with Valsalva maneuver can reveal changes in blood flow and therefore contribute valuable information toward the final diagnosis of an orbital varix by differentiating it from other non-expansile orbital mass [1] . Provocative Valsalva maneuver can also prevent the varix from complete collapse [1] . In the case of Patient 1, US showed increased blood flow at the proximal portion of the lesion and no blood flow in the remaining portion, thus favoring the diagnosis of a thrombosed orbital varix.
CT examination should be performed if the diagnosis of orbital varix is suspected on US and/or physical examination. While a non-contrast CT scan might not be beneficial for the diagnosis, administration of contrast can help enhance the varix, especially with a straining maneuver [1] . In the presence of a thrombosis, however, the enhancement may be absent, and no change will be detected on Valsalva maneuver. Increased density of the lesion on a plain non-contrast CT scan should make one suspect thrombosis due to a hyperdense intraluminal blood clot [1] . In the absence of thrombosis, T1-and T2-weighted MRI in typical cases reveal hypointense lesions, whereas a thrombotic lesion might demonstrate characteristic heterogeneity with hyperintense signals [7] . However, MRI of a thrombosed orbital varix after GBCA injection shows smooth rim enhancement with a predominantly non-enhancing central component [7] , as seen in Patient 2. MRI may also be performed with Valsalva or straining maneuver.
Although today, target-oriented diagnostics are generally preferred in comparison to time-consuming step-by-step diagnostics, we consider a multimodality imaging approach more useful for the diagnosis of orbital varices. Given that often the clinical presentation of this condition is nonspecific, the diagnosis is rarely considered by emergency or primary care physicians, who are often the first ones to encounter these patients at initial presentation. Taking into account that not every facility may have MRI readily available, it is beneficial to the radiological community to become familiar with the pathology on different modalities. For example, in the case of Patient 1, CT was most readily available to the emergency physician given the presentation of this patient after hours. The MRI and ultrasound were arranged for further diagnostic investigation by the ophthalmologist, to confirm the diagnosis.
Most people with orbital varices experience little to no symptoms and require no specific treatment [9] . Occasionally, however, progressive orbital pain, proptosis, compression of the optic nerve, and vision loss develop and prompt treatment [9, 10] . Management of orbital varices is individually tailored to the patient, and no well-established guidelines to follow exist [10] . Treatments for primary malformations that have been described in the literature include electrothrombosis to block the blood flow to the varix, stereotactic gamma knife radiosurgery, sclerotherapy, surgical resection, and embolization with cyanoacrylate glue followed by excision [9, 10] .
In conclusion, we report two cases of bilateral and unilateral partially thrombosed orbital venous varices. An awareness of this condition and integrated multimodality imaging approach with correct radiological interpretation of findings are necessary for prompt and accurate diagnosis of both noncomplicated and thrombosed orbital varices. Proper recognition and management of this uncommon disorder will aid to avoid potentially devastating consequences including bleeding and permanent vision loss.
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